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Abstract  
The solid phase polymerization technique for preparing graft copolymers involving 
polysaccharide and acrylic monomer (s) which is hazards free and effective is reported first time in 
this paper. In the authors’ laboratory a series of graft copolymers based on starch and acrylamide 
(AM), N-methylacrylamide (NMA), N,N-dimethylacrylamide (DMA) acrylic acid (AA) and 
methylacrylate (MA) were successfully synthesized with high yield by solid phase method.  The 
synthesized graft copolymers were characterized by FTIR spectroscopy and XRD analysis.  
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1. Introduction  
Graft copolymerization of the acrylic monomers onto the polysaccharides’ backbone is a technique to 
get materials having wide range of applications [1-3] due to the merging of the properties of both the 
polysaccharides and the synthetic polymers. The graft copolymers between polysaccharide and the 
acrylic monomers were prepared by using various techniques [4-9] in the solution phase. Of the various 
methods free radical initiation process in aqueous medium is most popular. But the conventional 
grafting process required high temperature (70-900C), inert atmosphere (N2 or Ar) and long reaction 
time to complete the polymerization process. 
Here we have developed a solid phase polymerization technique for preparing graft copolymers of 
polysaccharide (Starch) and acrylic monomers which requires short reaction time, air atmosphere (inert 
atmosphere is not required) and low temperature i.e. hazards free process. In authors’ laboratory a 
series of graft copolymers involving starch and other acrylic monomers namely AM, NMA, DMA, AA 
and MA were prepared by solid phase polymerization technique using ceric ammonium nitrate (CAN) 
and potassium perdisulfate (PPS) as the initiators separately.  
2. Experimental Section 
2.1  Materials  
Acrylamide (AM), starch (St), acetone, methanol, dichloromethane (DCM), ceric ammonium nitrate 
(CAN), N-methylacrylamide (NMA), acrylic acid (AA) and methylacrylate (MA) are procured from 
Loba Chemei, Mumbai, India. N, N-dimethylacrylamide (DMA) is procured from Sigma Aldrich, 
Missouri, United States. Middle fraction of the vacuum distilled DMA and double distilled water were 
used in the synthesis. 
 
2.2 Synthesis of graft copolymers 
The synthesis of graft copolymers namely St-g-PAM, St-g-PNMA, St-g-PDMA, St-g-PAA and 
St-g-PMA were synthesized using solid phase polymerization technique. In this process CAN and PPS 
were used as the initiator separately.  The typical process of preparing St-g-PAM was as follows; 2.5 g 
of starch and 6.0 g of acrylamide were taken in a mortar and grinding by pestle for about 2-3min. Ceric 
ammonium nitrate (0.3 g) was mixed with the mixture and the mixture was thoroughly grounded 1 min 
after the addition of 9-10 drops of water into the mixture. At this stage the grafting reaction was started 
vigorously. Same procedure was followed for preparing St-g-PNMA, St-g-PDMA, St-g-PAA and 
St-g-PMA. Again all the aforementioned graft copolymers were synthesized using PPS initiator (0.1 g) 
separately. In this case hot air blower (Hair drier; 1000W, Philips) was used to increase the temperature 
of the reaction mixture up to 70°C for the dissociation of K2S2O8 to the free radicals. The synthetic 
details are given in Table 1 and Table 2. A pictorial representation of the synthetic process is shown in 
Scheme 1. 
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Scheme 1 Pictorial representation of graft copolymer synthesis 
Table 1 Synthetic details of the graft copolymers using 2.5 g starch, 6.0 g of monomer (s) and 0.3 g of CAN at 
25°C. 
 
Polymer Time (min) 
Grafting 
 (%H) 
Yield   (%C) (%G) (%E)   
St-g-PAM 2 8.5 93.3 324 95.2 4.7 
St-g-PNMA 3 8.6 92.2 320 93.0 6.9 
St-g-PDMA 10 8.2 83.3 300 91.4 8.5 
St-g-PAA 15 7.5 71.7 272 90.6 9.3 
St-g-PMA 25 7.8 63.9 256 82.0 17.9 
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Table 2 Synthetic details of the graft copolymers using 2.5 g starch, 6.0 g of monomer (s) and 0.1 g of PPS at 70° 
C. 
 
 Polymer Time(min) 
Grafting 
  (%H) 
Yield (% C) (%G) (%E) 
St-g-PAM 5 8.4 88.3 312 92.8 7.1 
St-g-PNMA 5 8.2 83.3 300 91.4 8.5 
St-g-PDMA 40 7.9 76.7 284 89.8 10.1 
St-g-PAA 45 7.8 70.0 268 85.9 14.1 
St-g-PMA 60 7.7 61.7 248 80.5 19.4 
 
 
 
 
 
 
 
2.3 Purification of graft copolymers 
Different type of homo-polymers, poly (acrylamide) [PAM], poly (N-methylacrylamide) [PNMA], 
poly (N, N-dimethylacrylamide) [PDMA], Poly (acrylic acid) [PAA] and poly (methylacrylate) [PMA] 
were removed from the synthesized graft copolymers by solvent extraction technique [9-12]. The 
extracted homo-polymers were collected to calculate the different grafting parameters (Table 1 and 
Table 2). The solvent used to remove the homo-polymers are formamide and acetic acid (1:1 by 
volume) for PAM, water for PNMA, methanol for PDMA, methanol and water mixture (6:1 by volume) 
for PAA and acetone for PMA. The graft copolymers were re-precipitated using excess quantity of 
acetone. The graft copolymers were then dried in a vacuum oven pulverized and sieved through a 125 μ 
sieve. 
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3. Characterization of graft copolymers  
Purified synthesized graft copolymers, starch and homo-polymers were subjected for FTIR analysis by 
Perkin Elmer Spectrophotometer (L 16000300 Spectrum Two LiTa, Llantrisant, UK) and XRD studies 
(Rigaku Miniflex-600, (Japan) x-ray diffractometer). Powder XRD studies were carried out using 
CuK radiation ( = 0.154056 nm).  
4. Results and discussion  
From Table 1 and Table 2 it is obvious that greater grafting yields for all the graft copolymers were 
occurred in case of CAN than that of PPS initiator. This is mainly due to following facts; ceric ion 
generates free radical sites onto the polysaccharide backbone rapidly by formation of a complex 
between the hydroxyl groups of the polysaccharide and the Ce (IV) for which homo-polymerization 
becomes less. Potassium perdisulphate (PPS) forms macro-radicals at high temperature onto the 
polysaccharide backbone by hydrogen abstraction from the –OH groups present in the polysaccharide 
backbone. Here percentage of homo-polymerization becomes greater due to the direct attack of the 
radical generated by the decomposition of PPS to the acrylic monomer (s).   
Grafting yield is higher in case of AM compare to NMA, DMA and AA because of the higher 
reactivity of AM molecules. The presence of one methyl group in NMA and two methyl groups in 
DMA decreases the reactivity of NMA and DMA molecules. Therefore, total time requirement for 
polymerization is higher in case of DMA and lower in case of AM. For AA and MA time requirement 
is higher because of their low reactivity. Same results were occurred in PPS initiator also. 
FTIR spectra of graft copolymers and homo-polymers are shown in Figure 1 and Figure 2 
respectively for proof of grafting.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 FTIR spectra of starch, St-g-PAM, St-g-PDMA, St-g-NMA, St-g-PAA and St-g-PMA.  
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Figure 2 FTIR spectra of PAM, PNMA, PDMA, PAA and PMA 
 
In St-g-PAM; the peak at 1664 cm-1 is for amide >C=O, 1461 cm-1 is for C-N groups, 2928 
cm-1 is for saturated C-H units and 3447 cm-1 is for hydroxyl (-OH) groups. Since PAM was removed 
from the graft copolymer completely, presence of amide >C=O, C-N groups in the graft copolymers is 
an evidence of grafting. 
For St-g-PDMA ; the peak at 1624 cm-1 appears is for amide >C=O, at 1405 cm-1 is for the C-N 
groups, at 3447 cm-1 is for –OH groups present at the starch backbone. The peak at 2928 cm-1 is for the 
saturated C-H units. Since PDMA were removed from the graft copolymer completely, presence of 
amide >C=O, C-N groups in the graft copolymers is an evidence of grafting. 
For St-g-NMA; the peak at 1640 cm-1 is for amide >C=O, 1391 cm-1 is for C-N groups and 
3462 cm-1 is for hydroxyl (-OH) groups. Since PNMA was removed completely from the graft 
copolymer, presence of amide >C=O, C-N groups in the graft copolymers is an evidence of grafting. 
For St-g-AA ; the peak at 1639 cm
-1
 is for -COOH, 1405 cm
-1
 is for C-N groups, 2933 cm
-1
 is 
for saturated C-H units and 3434 cm-1 is for hydroxyl (-OH) groups. Since PAA was removed from the 
graft copolymer completely, presence of -COOH groups in the graft copolymers is an evidence of 
grafting. 
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For St-g-MA; the peak at 1640 cm-1 is for -COOMe, 1460 cm-1 is for C-N groups, 2925 cm-1 is 
for saturated C-H units and 3434 cm-1 is for hydroxyl (-OH) groups. Since PMA was removed from the 
graft copolymer completely, presence of -COOMe groups in the graft copolymers is an evidence of 
grafting. 
 Similar results were also reported as proof of grafting where the graft copolymers were prepared by 
solution phase polymerization technique [2, 9, 12-14 ]. 
From the XRD plots (Figure 3) it is obvious that the peaks which are originally present in starch 
backbone shifted in the graft copolymers, because of the change in morphology after grafting of PAM, 
PNMA, PDMA, PAA and PMA chains onto the starch backbone. Morphological changes suggest that the 
grafting reaction onto starch backbone take place. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3 X-ray diffraction plots of starch, St-g-PAM, St-g-PDMA, St-g-NMA, St-g-PAA and St-g-PMA.  
5. Conclusion  
It is concluded that the graft copolymers of St-g-PAM, St-g-PNMA, St-g-PDMA, St-g-PAA and 
St-g-PMA were successfully synthesized by solid phase polymerization technique. Different 
characterization techniques suggest the grafting reaction occurred on starch backbone. 
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